In reverse transcription-polymerase chain reactions (RT-PCR) and DNA hybridizations using primers and an oligonucleotide probe to the fusion (F) protein mRNA of bovine respiratory syncytial virus (BRSV), all the BRSV isolates and a goat isolate could be distinguished from prototype isolates of human respiratory syncytial viruses (HRSV) and ovine (sheep and bighorn sheep) respiratory syncytial viruses (RSV). However, RT-PCR amplifications with primers to sequences of the HRSV F protein mRNA resulted in amplified products of ≈ 243 bp if mRNA templates of subgroup A HRSV strains were present and slightly larger amplified products with subgroup B HRSV strains. No amplified products were observed in HRSV-primed RT-PCR with BRSV or goat or ovine RSV mRNA templates. Although the ovine RSV isolates were antigenically crossreactive with the goat RSV, HRSV and BRSV isolates, they were not amplified with either HRSV-or BRSVspecific primers in RT-PCR. These results confirm previous immunological comparisons suggesting that some ovine RSV isolates should be considered as distinct respiratory syncytial viruses.
Bovine respiratory syncytial viruses (BRSV) are im-goats, 20 and Rocky Mountain bighorn sheep 28 ) have portant causes of acute respiratory disease in postwean-complicated this classification scheme. Early studies ing calves and feedlot cattle in the United States and that identified differences in the mean antibody titers Europe. 5, 6, 10, 14, 35 Human respiratory syncytial viruses of sheep infected with BRSV suggested that sheep might (HRSV) are the most important respiratory pathogens have their own related but distinct RSV. 27 Subsequent in infants and young children. 17, 30 Both viruses are serologic studies showed that, although antigenically pneumoviruses within the family Paramyxoviridae and related to BRSV, some ovine RSV isolates had apare antigenically related; 8, 16, 21, 25, 29 however, important parent differences, including distinctive variations in antigenic differences are present, suggesting that each immunofluorescence staining patterns and serum neushould be considered a distinct respiratory syncytial virus (RSV). 7, 21 Originally, HRSV was believed to be a monotypic virus, but reactivity of monoclonal antibodies to at least 4 different viral proteins have allowed its division into 2 major subgroups (A and B). 3, 13, 22 Recent studies have further divided the HRSV classification to identify 6 subdivisions within subgroup A, 3 subdivisions within subgroup B, and some HRSV isolates that cannot be classified in either. 2 Similarly, evidence now indicates that BRSV is distinct from HRSV, with at least 2 subgroups based on differences in the phosphoprotein and fusion (F) protein. 7 Virus isolates from other ruminant species (sheep, 12,18 tralizing titers. 1 Recent advances in RSV genetic research have demonstrated that a combined reverse transcription-polymerase chain reaction (RT-PCR) can be used to amplify and detect low levels of HRSV RNA from nasopharyngeal aspirates 26 and otitis media effusion. 24 Similarly, BRSV-specific primers and an oligonucleotide probe have been shown to differentiate BRSV from HRSV strains in RT-PCR. 23 However, genetic analysis of RSV from other ruminant species has not been described.
In this report, we describe the analysis of BRSV and HRSV primer-specific RT-PCR amplifications of cDNA sequences for different regions of F protein mRNA with prototype HRSV isolates, BRSV isolates, and a goat isolate, a sheep isolate, and a bighorn sheep From the Department of Pathology and Microbiology, College of isolate of RSV. Immunoassay. All viruses were immunologically compared by adding 250 µ1 of freeze-thawed cellular debris and media from 75-cm 2 tissue culture flasks infected with each virus to a solid phase immunoassay as described previousl y ?
Extraction and quantitation of RNA. The RNA was isolated as previously described. 23 Cells were rinsed with phosphate-buffered saline (PBS) and lysed in 1.0 ml lysis buffer (4 M guanidinium isothiocyanate, 25 mM sodium citrate, 0.5% sarcosyl, 0.1 M 2-mercaptoethanol). To each lysed cell suspension (500 µl), 50 µ1 of 2 M sodium acetate (pH 4.0) was added, and the combination was mixed with an equal volume of buffered phenol-chloroform-isoamyl alcohol mixture (1:1:0.05). The mixtures were placed on ice for 15 min and centrifuged at 14,000 x g for 20 min; then the aqueous phase was removed to a new microcentrifuge tube, mixed with 1.0 ml of 100% ethanol, held at -70 C for 15-30 min, and centrifuged at 14,000 x g for 20 min. The pellets were dissolved in 300 µ1 lysis buffer and mixed with 750 µ1 100% ethanol, held at -70 C for 15-30 min, and recentrifuged at 14,000 x g for 20 min. The pellet was washed in 300 µl 80% ethanol, recentrifuged for 5 min, vacuum dried, and resuspended in diethyl pyrocarbonate-carbonyl-treated water; then the nucleic acid concentration was quantified (A 260 -A 280 ).
Primers and oligonucleotide probe. The assay to identify BRSV-infected tissue culture cells utilized primers in RT-PCR and a synthetic oligonucleotide hybridization probe. 23 Positive (5'-TTACCACACCCCTCAGTACA) and negative (5'-CATTGTGTCACAGAACACTC) sense BRSV-specific primer pairs were used that encode a 381-bp fragment (nucleotides 741-1, 123) of the F, subunit of the BRSV (strain 391-2) F protein mRNA. 23 The HRSV RT-PCR primers include a positive (5'-TTAACCAGCAAAGTGTTAGA) and negative (5'-TTTGTTATAGGCATATCATTG) sense primer. 26 All oligonucleotide primers and the 20-mer BRSVspecific internal hybridization probe (positive sense, 5'-GTGGTCAAAGAAGAGGTCAT; nucleotides 884-903; T h = filter hybridization dissociation temperature ≈ 52 C) were synthesized using standard phosphoramidite chemistry on a DNA synthesizer. d RT-PCR protocol. The RSV mRNA was reverse transcribed to sipgle-stranded cDNA and amplified as described by the manufacturer e using either BRSV-specific or HRSVspecific primers in a thermal cycler. f,23 Between 1 and 3 µg of total RNA from infected cells served as the source of mRNA template for RT and was primed with 1 µ1 of the negative sense primer (1 µM initial concentration). The final volume for the RT reaction was 20 µ1. Incubation temperatures and times for RT were 42 C for 3 min 45 sec, 99 C for 1 min 15 set, and 5 C for 1 min 15 sec. The resulting cDNA was amplified by PCR by adding 1 µ1 of the positive sense primer (1 µM initial concentration) and bringing the final volume for the PCR reaction to 100 µ1, as per kit instructions. Initial denaturing was for 30 sec at 95 C followed by 35 cycles of 15 sec at 95 C and 15 sec at 60 C and 1 cycle of 1 min 45 sec at 60 C.
Electrophoresis and hybridizations. Electrophoretic analysis was completed by electrophoresing each RT-PCR reaction (40 µ1) on polyacrylamide gels (4% stacking and 15% resolving) in Tris buffer (0.025 M Tris, pH 8.3; 0.192 M glycine) for 18 hr at 60 V. The DNA in polyacrylamide gels was transferred to nylon paper by electroblotting g for 2 hr at 75 V in 1 x TAE buffer (0.04 M Tris-acetate, 0.001 M ethylenediaminetetraacetic acid, pH 8.0). Blots were hybridized overnight in hybridization buffer (10% dextran sulfate, 1% sodium dodecyl sulfate, 1 M NaCl) at 52 C with the BRSV internal 20-mer oligonucleotide probe labeled with [ τ -32 P] dATP. Washes consisted of 2 x standard saline citrate (twice for 5 min at room temperature and twice for 30 min at 52 C). Membranes were exposed to X-ray film at -70 C in cassettes with intensifying screens.
Results
All human and ruminant virus isolates described in this study gave a positive sign when assayed with a commercial solid phase immunoassay, c indicating that all were antigenically cross-reactive with RSV.
Reverse transcription and PCR amplification of mRNA from BRSV strains (236-652-1, 1344R, 391-C2, VR-794, 375, FS1-1, NMK-7) with BRSV-specific primers resulted in discrete amplified products of ≈ 380 bp when electrophoresed in polyacrylamide gels and stained with ethidium bromide (Fig. 1A , columns A-D; Fig. 2 , columns a-d; Fig. 3A , columns A, E; Fig.  4 ). The goat isolate of RSV also resulted in a product of similar size (Fig. 2, column e ).
Similar amplifications with the BRSV-specific primers of RNA from isolates of HRSV (VR-26, VR-1302, VR-955, WV4843, CH18537, isolate PAT) ( Fig. lA , columns E-I; Fig. 4 ) and RNA from the sheep and bighorn sheep RSV isolates (Fig. 3, columns C, D) resulted in no amplified DNA products of ≈ 380 bp. However, BRSV RT-PCR amplification of HRSV subgroup A isolates VR-26 (Long's strain) and VR-1302 (A2 strain) did result in DNA products estimated to be between 201 and 154 bp (Fig. 1A , columns E, F; Fig. 4 ). Similar amplifications of cDNA from HRSV subgroup B isolate CH18537 with the BRSV primers yielded an amplified product of ≈ 800-900 bp (Fig.  1A, column I) .
When BRSV RT-PCR-amplified products were transferred to membranes and hybridized with the BRSV-specific internal oligonucleotide, a radiographic signal at ≈ 380 bp was apparent for all BRSV isolates studied ( Fig. 1A"; Fig. 2, columns a-d; Fig. 3B , columns A, E). Similar hybridization results were observed with the caprine isolate of RSV (Fig. 2, column  e ), but hybridizations were not evident with HRSV isolates (Fig. 1A") or with the sheep or bighorn sheep isolates (Fig. 3B, columns C, D) .
Reverse transcription-PCR amplification with HRSV primers on HRSV subgroup A (VR-26, VR-1302, VR-9320), subgroup B (CH18537, B8/60), BRSV (375, VR-794), and a goat isolate, a sheep isolate, and a bighorn sheep isolate of RSV resulted in amplification of only the HRSV isolates. The HRSV subgroup A amplified products were x246 bp when electrophoresed in polyacrylamide gels ( Fig. 4; Fig. 5, columns  A, B) , whereas all HRSV subgroup B isolates examined had uniformly larger DNA products (Fig. 5 , columns C-E). In all BRSV isolates examined, no amplified products were visible in any RT-PCR with the HRSV primers ( Fig. 5, columns F, G) . With HRSV primers, similar results were evident with the sheep or bighorn sheep RSV isolates (Fig. 5, columns H, I) and the goat groups A and B, gave any indication of yielding RT-PCR products of ≈ 380 bp that would hybridize with the BRSV-specific oligonucleotide probe. 4) All HRSV isolates examined using HRSV primers resulted in RT-PCR amplified products, whereas the goat, sheep, and bighorn sheep RSV isolates and all the BRSV isolates did not. 5) When subgroup A isolates of HRSV were RT-PCR amplified using HRSV-specific primers, the resulting products were ≈ 246 bp, whereas similar reactions with subgroup B HRSV resulted in uniformly larger DNA products. 6) Based on comparisons with BRSV-and HRSVspecific primers in RT-PCR, the goat RSV isolate appears to be more like the BRSV isolates than are HRSV or the ovine RSV isolates. 7) The ovine RSV isolates were not amplified with either HRSV-or BRSV-specific primer pairs using this procedure.
The importance of strain differences in RSV disease is not known, but the ability to distinguish the RSV groups and subgroups is important in epidemiological studies to better understand the disease and develop effective control strategies. 2 Therefore, the results of tibodies. These results demonstrate that the use of RSVspecific primers in RT-PCR amplification reactions
In this study, we were able to differentiate HRSV isolates of subgroup A and subgroup B, BRSV isolates from HRSV isolates, and both from ovine RSV isolates using primer-specific RT-PCR and BRSV-specific hybridizations.
RSV isolate (Fig. 4 ). Hybridizations were not corn-can be a rapid and sensitive method for comparing pleted on any HRSV RT-PCR-amplified DNA prod-RSV isolates. ucts. Previous studies characterizing antigenic sites recognized by neutralizing antibodies against the F pro-Discussion tein of HRSV have suggested that nucleotide sequences within the described BRSV RT-PCR encode major neutralizing epitopes. 4, 8, 32 This portion of the F protein has recently been described as a major protective antigenic region (region B 8 or region II 4 ). Coincidentally, in studies involving HRSV antibody escape mutants, 4 most amino acid changes in mutant viruses were clustered in a small segment of the F protein (amino acids 262-272) within the same antigenic region (B or II) as the BRSV primer-specific RT-PCR. Similarly, nucleic acid sequences amplified with HRSV-specific primers code for what has been suggested to be a protective epitope (HRSV amino acids 212-232). 33,34 Sequence analysis and immunologic characterization with monoclonal antibodies as described elsewhere 4, 8 will be required to completely assess the significance of these findings.
The primary observations were as follows.
1) All BRSV strains and the goat isolate that were examined using BRSV-specific primers resulted in RT-PCR amplified products of about the same size (≈380 bp). However, none of the HRSV isolates or the ovine isolates assessed with the same primers resulted in any amplified products of this size. 2) Only BRSV-primed RT-PCR amplified products from BRSV isolates and a goat RSV isolate gave radiographic evidence of hybridizing with a BRSVspecific oligonucleotide probe. 3) Neither ovine RSV isolate nor any HRSV tested, which included prototype strains of HRSV sub-Results from this study agree with those of previous reports 1, 9, 27 in suggesting that the ovine RSV isolates, although antigenically cross-reactive with BRSV and 
